In severe spinal deformity, pain and neurological disorder may be caused by spinal cord compression. Surgery for spinal reconstruction is desirable, but may be difficult in a case with severe deformity. Here, we show the utility of a 3D NaCl (salt) model in preoperative planning of anterior reconstruction using a rib strut in a 49-year-old male patient with cervicothoracic degenerative spondylosis. We performed surgery in two stages: a posterior approach with decompression and posterior instrumentation with a pedicle screw; followed by a second operation using an anterior approach, for which we created a 3D NaCl model including the cervicothoracic lesion, spinal deformity, and ribs for anterior reconstruction. The 3D NaCl model was easily scraped compared with a conventional plaster model and was useful for planning of resection and identification of a suitable rib for grafting in a preoperative simulation. Surgery was performed successfully with reference to the 3D NaCl model. We conclude that preoperative simulation with a 3D NaCl model contributes to performance of anterior reconstruction using a rib strut in a case of cervicothoracic deformity.
INTRODUCTION
Three-dimensional (3D) full-scale models can reproduce complicated osseous anatomy accurately and are used in preoperative planning as surgical support tools. [1] [2] [3] In this report, we describe the surgical treatment of a case of cervicothoracic degenerative spondylosis. We created a 3D full-scale NaCl (salt) model based on computed tomography (CT) data and performed a simulation of corrective surgery for spinal anterior reconstruction with rib grafting. There has been no previous report of use of a 3D NaCl model for spinal anterior reconstruction with a rib. Compared with a conventional plaster model, the 3D NaCl model had good strength, a quality resembling real bone, 4) and could be easily scraped, which was particularly useful in performing bone resection in a preoperative simulation. We show that this 3D NaCl model was of particular utility in allowing the planned procedures to be accomplished accurately and safely.
CASE REPORT
A 49-year-old male had suffered from occasional neck pain with no neurological symptoms for several years ago. However, spinal deformity at the cervicothoracic level gradually progressed, and led to continuous neck pain, muscle weakness in the upper and lower extremities, and gait disturbance associated with myelopathy. CT indicated marked degenerative deformity of C5-Th3 (Fig. 1) . Therefore, we decided to perform the surgery.
Surgery was planned in two stages. First, a posterior approach was performed with decompression, C2-Th6 posterior instrumentation with a screw, and use of a halo vest pre-, and postoperatively ( Fig. 2A) . After the first operation, we planned a second surgery using 3D models. The strategy was curettage of the C5-Th3 vertebra, followed by anterior strut reconstruction using a rib. For preoperative simulation, we created a 3D NaCl model (Sony EMCS Corp., Aichi, Japan) based on CT images with informed consent.
The model was created from a CT scan of the cervicothoracic area and ribs using digital imaging. In the completed 3D NaCl spinal model, hyperkyphosis at the cervicothoracic level and anterior vertebrae with the posterior screw was completely reproduced ( Fig. 2A) . The ribs were also reproduced in the model to allow selection for grafting (Fig. 2B) . In simulation surgery, the total length of the anterior C5-Th3 lesion was 11 cm, including the curvature (Fig. 3A) . The anterior vertebral body of the 3D NaCl modeI was easily used for curettage and drilling (Fig.  3B ). An examination of the rib that best corresponded to the spinal curvature led to selection of the posterior lateral left side 8th rib (size 11 cm) as the rib with the most appropriate curvature that was suitable for grafting (Fig. 3C) .
During the actual surgery, an anterior approach provided exposure from C4 to Th4. All planned procedures were performed successfully, including C5-Th3 vertebra resection for spinal reconstruction. The harvested 8th rib was cut at 11 cm and assembled for reconstruction for stabilization using grafting in the same manner as that in the simulated 3D model. We performed rib resection and scraping using the simulated ribs as a reference. After surgery, neurologic function and neck pain were markedly improved. In another 3D model created using postoperative CT images, the grafted rib and cervicothoracic alignment were successfully reproduced (Fig. 4A,B) . (B) In simulation, the anterior vertebral body of the 3D NaCl modeI was easily used for curettage and drilling for the bone graft. (C) In simulation, the total length of the anterior C5-Th3 lesion was 11 cm, including the curve with the 8 th left rib: a is 9cm, b is 8 cm.
DISCUSSION
Several advantages of 3D spinal models have been described. 1,5-7) Toyoda et al. found that a 3D model allowed visualization of the vertebral artery in a patient with atlantoaxial subluxation.
7)
Yamazaki et al. reported reduction of the displaced facet with the pedicle screw-rod system in a patient with old cervical fracture-dislocation. 6) Mizutani et al. showed that 3D models allowed preoperative planning as a template, particularly for determining entire plate-rod contours for occipitocervical junctions in 15 rheumatoid cervical spine surgeries.
1) The advantage of full-scale 3D models lies in the ability to confirm the surgical procedure and anatomy. In the current report, the 3D model accurately represented the actual bone, and the novel use of a 3D model facilitated alignment of a cervicothoracic lesion and selection of ribs with appropriate curvature for reconstruction. The cortex of the rib is composed of curved segments for which the degrees of curvature differ among individuals, and preoperative knowledge of the features of each rib could lead to more accurate grafting during surgery.
Compared with other published 3D models made of plaster, the 3D NaCl model has several advantages: coloring of the model interior; strength and quality resembling real bone; relatively low cost of the main material (salt); and environmental friendliness because of the high solubility of salt in water3D. 4) Plaster 3D models are occasionally damaged due to the weakness of the material. 8) In contrast, the 3D NaCl model is prepared using a strong material that does not shatter or crack during simulated surgery. The model can also be easily scraped, which was particularly useful in performing bone resection in the preoperative simulation. Hardness was obtained by using impregnation material, and the cortical bone and cancellous bone were generally reproduced. Thus, the cutting sensation using the NaCl model is similar to that with bone and the model can be handled like bone. In addition, because of the rigidity, the model does not break, even in preoperative cutting. In the preoperative simulation, the ribs were easily scraped and it was possible to define the ideal cervical alignment shape. This model has a disadvantage in that it becomes soft in high-humidity environments because of its high water solubility. 9) However, despite this problem, the 3D NaCl model is ideal for use in simulation surgery.
In anterior spinal reconstruction, in 1960 Hodgson et al. reported treatment of 100 cases of kyphotic thoracic deformities due to tuberculosis using the patient's own rib or an iliac bone graft. 10) Materials used for anterior struts can mainly be classified into bone auto grafting using a rib, fibula, or iliac bone, [11] [12] [13] [14] and use of an artificial strut made of methylmethacrylate, rods, bone cement, or a cage. [15] [16] [17] [18] Since anterior spinal deformity tends to have progressive changes, in our case we used the patient's own rib, rather than artificial struts. Additionally, the grafted rib was shaped like the deformity of the anterior strut, and exactly matched the simulated shape. However, there has been no previous report of use of a 3D model including the ribs for planning of anterior reconstruction. We found that this 3D model method is reliable for preoperative simulation, and the findings of this study should allow reconstructive surgeries to improve techniques and perspectives to achieve better reconstruction outcomes. We conclude that preoperative simulation with a 3D NaCl model contributes to performance of anterior reconstruction using a rib strut in a case of cervicothoracic deformity.
